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ADDITIVE MANUFACTURING SYSTEM
EMPLOYING PRE-FABRICATED
COMPONENT BRACING

RELATED APPLICATIONS

This application 1s a continuation of, and claims the
benefit of priority to, Provisional Application No. 62/291,

800 filed on Feb. 5, 2016, the contents of which are
expressly incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to an additive
manufacturing system and, more particularly, to an additive
manufacturing system employing bracing that 1s fabricated
betfore fabrication of an associated component.

BACKGROUND

Additive manufacturing i1s a process of creating three-
dimensional components by depositing overlapping layers
of material under the control of a computer. One technique
of additive manufacturing 1s known as direct metal laser
sintering (DMLS). The DMLS techmique uses a laser to
direct a high-energy beam into a powdered metal medium at
precise locations corresponding to features and dimensions
of the component to be manufactured. As the energy beam
contacts the powdered metal, the powdered metal 1s caused
to melt and weld together and to previously melted layers of
the component.

Conventional DMLS systems include a build chamber
having a stage that 1s movable 1n a vertical direction, and an
adjacent material chamber that holds the powdered metal. A
recoater 1n the shape of a blade or a roller pushes powdered
metal from the material chamber across the stage in the build
chamber, thereby depositing a layer of the powdered metal
of a desired thickness. After welding of the powdered metal
by the laser (ak.a., printing a layer of the component), the
stage 1s lowered by an amount equal to a thickness of the
next layer, and the process 1s repeated.

Although the conventional DMLS system produces com-
ponents suitable for some applications, the system can also
be problematic. In particular, as the recoater pushes material
across the stage and the upper layer of the component 1n
preparation for a subsequent melting event, the recoater
exerts lateral forces on the component due to friction gen-
erated within the powdered metal. When manufacturing a
component having a low aspect ratio (e.g., a small width-
to-height ratio), these lateral forces have the potential to
cause deformation or breakage of the component.

The conventional approach to reducing deformation or
breakage of a low-aspect-ratio component 1s to simultane-
ously print sacrificial support structure around the compo-
nent. This structure increases the aspect ratio of the com-
ponent, thereby also increasing a lateral strength of the
component. After manufacturing of the component and
support structure 1s complete, the support structure is
removed (e.g., etched, ground, and/or broken away from the
component). While the conventional approach to reducing
component deformation or breakage may be functionally
adequate, the support structure 1s also resource (e.g., time
and material) expensive.

An alternative method of providing support structure 1s
disclosed 1n U.S. Patent Application Publication No. 2014/
0333011 (the 011 publication) of Javidan et al. that pub-
lished on Nov. 13, 2014. In particular, the 011 publication
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2

discloses an additive manufacturing method (e.g., a laser
sintering method) used to create a three-dimensional object.
The method includes forming a structure having multiple
intersecting walls, and then 1nserting a prefabricated support
piece into an interior cavity between the walls. Additional
material 1s laid down on top of the walls and the support
piece to create an overhang extending from the walls across
the interior cavity. The support piece partially supports the
overhang while the material cures to a solid state, thereby
reducing a need to print support structure. The support piece
1s re-usable, thereby reducing material waste.

Although the method of the 011 publication may help to
reduce resource wasting associated with an additive manu-
facturing process, application of the method may be limited.
Specifically, the method may only be applicable to creation
ol an overhang. In addition, the method may provide little,
if any, lateral strength increase to a component having a
low-aspect ratio.

The disclosed additive manufacturing system 1s directed
to overcoming one or more of the problems set forth above
and/or other problems of the prior art.

SUMMARY

In one aspect, the present disclosure 1s directed to a
system for manufacturing a component. The system may
include a build chamber, a stage movable within the build
chamber, and a recoater configured to deposit a layer of
powdered material on top of the stage. The system may also
include an energy source configured to direct a beam onto
the layer of powdered material 1n a pattern corresponding to
a shape of the component, and a brace fabricated before
manufacturing of the component. The brace may be located
adjacent a periphery of the component and extend from the
stage toward the recoater.

In another aspect, the present disclosure 1s directed to
another system for manufacturing a plurality of components.
This system may include a build chamber, a stage movable
within the build chamber, and a recoater configured to
deposit a layer of powdered material on top of the stage. The
system may also include an energy source configured to
direct a beam onto the layer of powdered material 1n a
pattern corresponding to shapes of the plurality of compo-
nents, and a plurality of braces fabricated before manufac-
turing of the plurality of components. Each of the plurality
of braces may be located adjacent a periphery of a corre-
sponding one of the plurality of components and extend
from the stage toward the recoater. The stage may include a
plurality of openings, and each of the plurality of braces may
be configured to slide through a corresponding one of the
plurality of openings as the stage moves toward the recoater.
Each of the plurality of braces may extend a first distance
away Irom the stage that i1s less than a second distance
between an exposed surface of the layer and the stage, and
a gap may be maintained between each of the plurality of
braces and the periphery of the corresponding one of the
plurality components.

In yet another aspect, the present disclosure 1s directed to
a method of manufacturing a component. The method may
include locating a brace adjacent a periphery of the compo-
nent, and depositing a layer of powdered material. The
method may also include directing an energy beam onto the
layer of powdered material in a pattern corresponding to a
shape of the component. The brace may be fabricated before
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manufacturing of the component, and extend 1n a direction
normal to the layer of powdered matenial.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 are diagrammatic illustrations of exemplary
disclosed additive manufacturing systems;

FIG. 4 1s an 1sometric illustration of an exemplary dis-
closed stage assembly that may be used in conjunction with
the additive manufacturing systems of FIGS. 1-3; and

FIGS. 5 and 6 are isometric illustrations of exemplary
disclosed bracing that may form a portion of the stage

assembly of FIG. 4.

DETAILED DESCRIPTION

FIG. 1 1llustrates a component 3 that 1s being additively
manufactured by an exemplary system 10. Although com-
ponent 5 may be fabricated from any type of material to have
any desired shape, for the purposes of this disclosure,
component 3 1s depicted as a metallic component (e.g., a
turbine blade or diffuser fin) having a low-aspect-ratio. A
low aspect ratio may be considered a ratio of about 1:2 or
lower. Accordingly, component 5 may have a cross-sectional
width or diameter that 1s about one-half of 1ts height, or less.
Any type of metal known in the art may be used to
manufacture component 5.

System 10 may take many different forms. In the dis-
closed embodiment, system 10 1s a direct metal laser sin-
tering type of system having a build chamber 14, a material
chamber 16, a recoater 18, and an energy source 20. As will
be explaimned 1n more detail below, recoater 18 may push
powdered material from material chamber 16 into build
chamber 14 (in a direction indicated by an arrow 21), and
energy source 20 may selectively generate (e.g., melt) a
pattern 1n the powder to produce layers of solidified matenal
forming component 5. It 1s contemplated that system 10
could 1include additional components not shown 1n FIG. 1, 1f
desired. For example, system 10 could additionally include
a housing surrounding build and/or maternial chambers 14,
16 and having a controlled environment (e.g., a vacuum
environment or a pressurized inert gas environment), cool-
ing and/or heating circuits, a user interface, a controller 1n
communication with the various parts of system 10, etc. It 1s
also contemplated that system 10 could embody another
type ol additive manufacturing system (e.g., a vat photopo-
lymerization system, a material jetting system, a binder
jetting system, a material extrusion system, a directed
energy deposition system, or another system), if desired.

Build chamber 14 may be configured to house and support
component 3 during fabrication thereof. In the disclosed
example, build chamber 14 1s formed by a plurality of
connected walls 22 and a movable stage 24. Walls 22 may
surround component 5 on all sides, and stage 24 may
function as a floor of build chamber 14 on which component
5 1s built. Stage 14 may consist of a platform 26, and one or
more actuators 28 that are connected to a bottom of platform
26 opposite component 5. Platform 26 may be generally
plate-like and oriented in a horizontal plane parallel to the
trajectory of recoater 18, and actuator(s) 28 may be config-
ured to move platform 26 vertically (1.e., in a direction
indicated by an arrow 29) between walls 22 within build
chamber 14. Specifically, actuator(s) 28 may be controlled to
incrementally step down platform 26 relative to walls 22
alter fabrication of each layer of component 5. The amount
that platform 26 1s stepped down may be about equal to a
thickness of each of layer, such that recoater 18 may remain
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at a relatively fixed horizontal location during each pass
across stage 14. Actuator(s) 28 may include, for example,
motors, cylinders, valves, solenoids, etc.

Material chamber 16 may be similar in form to build
chamber 14. In particular, material chamber 16 may also
include a plurality of connected walls 30, a platform 32, and
one or more actuators 34 connected to a bottom of platform
32. However, mstead of walls 30 surrounding and platform
32 supporting a component, walls 30 may instead surround
a supply of powdered material used to manufacture compo-
nent 5 and platform 32 may support the material. Actuator(s)
34 may be configured to selectively raise platform 32 (in a
direction indicated by an arrow 35) as the material inside
material chamber 16 1s consumed. In particular, actuator(s)
34 may be controlled to incrementally step up platform 32
relative to walls 30 after recoater 18 pushes a layer of
material away from material chamber 14 and into build
chamber 16. The amount that platform 32 1s stepped up may
be equal to or greater than a thickness of each of layer of
component 5, such that more than enough material is pro-
vided to recoater 18 during each pass across stage 14.
Actuator(s) 34 may include, for example, motors, cylinders,
valves, etc. It should be noted that build chamber 14 and
material chamber 16 may share a common wall 1n some
embodiments.

Recoater 18 may be available 1n several different forms
and configured to move 1n different ways. In a first example
shown 1n FIG. 1, recoater 18 1s an elongated blade or arm
that 1s movable (e.g., translatable by way of one or more
actuators—mnot shown) in the direction of arrow 21. The
length direction of recoater 18 may extend generally
orthogonal to 1ts travel direction (i.e., out of the page in the
perspective of FIG. 1), and the actual length of recoater 18
may be suflicient to extend entirely across openings formed
inside of walls 22 and walls 30. With this configuration, as
recoater 18 moves across material chamber 16 (e.g., from
lett to right), recoater 18 may engage the powdered material
therein, which has been previously elevated above a bottom
surface of recoater 18 by platform 32 and actuator(s) 34. As
recoater 18 scrapes across the matenial, a ridge 36 of the
material may be collected at its leading edge. Then, as
recoater 18 moves across build chamber 14, material {from
ridge 36 may fall down onto an earlier fabricated layer of
component 5, which has been previously lowered below the
bottom surface of recoater 18 by platform 26 and actuator(s)
28. In the embodiment of FIG. 1, recoater 18 1s configured
to move material 1 only a single direction (i.e., 1n the
direction of arrow 21). After completing this movement,
recoater 18 may be returned to a starting side (1.e., the left
side relative to the perspective of FIG. 1) of material
chamber 16 1n preparation for manufacturing a next layer of
component 5. The pushing of material by recoater 18 over
the earlier fabricated layer of component 5 1n the direction
of arrow 21 may generate Irictional forces in the same
general direction acting on an exposed end of component 5.

In an alternative embodiment shown 1n FIG. 2, system 10
utilizes a different recoater 38. In this embodiment, recoater
38 has a roller configuration. Similar to recoater 18, recoater
38 may move from the left side (relative to the perspective
shown 1n FIG. 2) of material chamber 16 to the right side of
build chamber 14 to push ridge 36 of powdered material
across an earlier fabricated layer of component 5. However,
in contrast to the embodiment of FIG. 1, recoater 38 of FIG.
2 additionally rolls (e.g., 1n a direction indicated by an arrow
39) across the deposited material. This rolling may be driven
by a dedicated actuator (not shown) or may simply be the
result of translational movement of recoater 38 1in the
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direction of arrow 21 and a peripheral resistance to the
movement by the deposited material 1n a direction opposite
to arrow 21. In either situation, in addition to generating,
frictional forces generally aligned with arrow 21, 1n some
embodiments, recoater 38 may additionally generate down-
ward forces generally aligned with arrow 29 that function to
compress the deposited material somewhat.

In the disclosed examples, energy source 20 includes one
or more lasers 40 (e.g., an Excimer laser, a Yb:tungstate
laser, a CO, laser, a Nd:YAG laser, a DPSS laser, or another
type of laser known 1n the art) that are configured to generate
one or more beams of energy 42 directed onto the layer of
powdered material after deposition by recoater 18. Beam 42
may be capable of heating the powdered material to a level
suilicient to sinter (1.e., to coalesce the powdered material
into a porous state) or otherwise harden the powdered
material. In some embodiments, various optics (e.g., lenses,
mirrors, gratings, filters, etc.) 44 may be used to focus,
redirect, and/or align beam(s) 42 with a desired pattern on
the powdered matenial, thereby generating a required shape
and contour of component 3 corresponding to a height (e.g.,
a distance away from platform 26) of the layer currently
being manufactured. It 1s contemplate that energy sources
other than lasers (e.g., ultraviolet light sources, electromag-
netic energy sources, chemical energy sources, etc.) could
alternatively be used to sinter or harden the material, 1f
desired.

FIG. 3 illustrates another exemplary embodiment of sys-
tem 10. Like the embodiments of FIGS. 1 and 2, system 10

of FIG. 3 includes build chamber 14, material chamber 16,
and energy source 20. System 10 of FIG. 3 can also include
recoater 18 1illustrated in the embodiment of FIG. 1, or
recoater 38 illustrated in the embodiment of FIG. 2. How-
ever, 1 contrast to these other embodiments, system 10 of
FI1G. 3 includes at least one additional material chamber 16,
such that build chamber 14 i1s sandwiched between two
material chambers 16. In addition, the particular recoater
used 1n the embodiment of FIG. 3 (recoater 18 or recoater
38) may be capable of depositing powdered material within
build chamber 14 during movement in two different direc-
tions. Specifically, the particular recoater may move from
the left side of the left-most material chamber 16 completely
across build chamber 14 and the right side of the right-most
material chamber 16, pushing maternial from the left-most
material chamber 16 into build chamber 14 during fabrica-
tion of a first component layer. Then during manufacturing,
ol a next layer of component 5, the particular recoater may
move from the right side of the right-most material chamber
16 completely across build chamber 14 and the left side of
the left-most material chamber 16, pushing material from
the right-most material chamber 16 into build chamber 14.
While this configuration may provide for faster and/or more
eilicient manufacturing of component 3, the bi-directional
movement of the recoater may additionally generate bi-
directional frictional forces on the exposed end of compo-
nent 5.

IT left unchecked, the frictional and/or compressive forces
generated by recoaters 18 and 38 on a low-aspect component
5 could result in deformation and/or breakage of component
5. For this reason, one or more prefabricated braces 46 may
be selectively utilized 1n each of the system embodiments of
FIGS. 1-3 to help support component 5 during manufactur-
ing. Braces 46 may be available in different sizes and shapes,
and located 1n different positions around a periphery of
component 3, depending on the forces anticipated to be
exerted by recoater 18 or 38.
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In the example of FIG. 1, a single brace 46 1s utilized and
located at a trailing side of component 5, relative to the
travel direction of recoater 18 (1.e., relative to the direction
ol forces generated by recoater 18 during travel aligned with
arrow 21). Brace 46, 1n this embodiment, may be a simple
cylindrical post or wall extending from the planar surface of
platform 26 1n a normal direction. As a post, brace 46 may
be generally aligned with component 5 along the direction of
arrow 21. As a wall, brace 46 may be aligned with compo-
nent 3, or alternatively oriented generally orthogonal to the
direction of arrow 21. A diameter, width, and/or shape of
brace 46 may vary, and be based on a shape and size of
component 5. Brace 46 may be located close enough to the
periphery ol component 3 to nhibit significant deflection
(1.e., deflection large enough to render component 5 no
longer useful), but also spaced apart from the periphery of
component 3 by a gap 48 having a size suilicient to 1hibat
bonding of component 5 to brace 46 during sintering. It
should be noted that an extension distance of brace 46 away
from platform 26 should be less than a distance between an
exposed surface of the current layer being manufactured and
an upper surface of platform 26, such that brace 46 does not
interfere with movement of the associated recoater 18 or 38.

In the example of FIG. 3, two braces 46 are utilized and
located at both the trailing side and a leading side of
component 3 (e.g., in opposition to the bi-directional forces
generated by recoater 18 during travel in opposing direc-
tions). Braces 46, in this embodiment, may be simple
cylindrical posts and/or walls aligned with or oriented
generally orthogonal to the direction of arrow 21.

In the example of FIG. 2, a single brace 46 1s utilized and
located to completely surround component 5. Brace 46 is
hollow 1n this example, and may have a round cross-section,
a square cross-section, a triangular cross-section or another
cross-sectional shape. By completely surrounding compo-
nent 5, brace 46 may increase a resistance of component 3
to both the lateral and compressive forces generated by the
rolling recoater 38.

FIG. 4 illustrates exemplary embodiments 46a, 465, 46c¢,
and 46d of brace 46, and possible ways that brace 46 may
interact with platform 26. While the examples of FIG. 4
illustrate multiple braces 46 simultaneously connectable to
platiorm 26, it should be noted that any number of braces 46
(e.g., a single brace 46) may be utilized to support one or
more components 3 during a particular manufacturing event.

As shown i FIG. 4, brace 46 may be cylindrical (see
braces 466 and 46c¢), solid (see brace 46¢), hollow (see brace
46b), wall-like (see brace 46d), or include any combination
(see brace 46a) of these features (as well as other features
that are not shown). In some embodiments (see braces 46¢
and 46d), braces 46 may be configured to connect directly to
plattorm 26, such that braces 46 and platform 26 are
movable together by actuator(s) 28 (referring to FIGS. 1-3).
These connections may be facilitated by way of fasteners 50
and/or inserts 52 that are integral to (e.g., welded to or
printed on) platform 26. It should be noted that braces 46,
when connected directly to platform 26, may be selectively
removed from platform 26 without part destruction, cutting,
grinding, or another ivasive procedure. In this way, braces
46 may be re-usable and interchangeable with different
platforms 26 and components 5. It 1s contemplated that the
directly-connected braces 46 may be fixed to platform 26
prior to a start of a manufacturing process (e.g., prior to
sintering of a first layer of component 3), or alternatively
fixed to platform 26 partway through the process (e.g., after
one or more layers have been sintered), as desired.
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In other embodiments, braces 46 may be configured to
move relative to platform 26, such that braces 46 grow (1.e.,

extend from platform 26 by a greater amount) as platform 26
1s incrementally lowered within build chamber 16. This
connection may be facilitated, for example, by way of slots
or openings 34 formed through platform 26 and having a
proflle corresponding to a cross-sectional profile of the
associated braces 46. In this configuration, base ends of
braces 46 may be fixedly connected to system 10 at a
location below platform 26, with distal ends extending
through slots 54, such that braces 46 remain substantially
stationary during movement of platform 26.

FIGS. 5 and 6 illustrate an alternative embodiment of
brace 46 and/or an alternative use of an existing embodiment
of brace 46. In this embodiment, brace 46 1s generally
wall-like, fixedly connected to platform 26, and oriented in
general alignment with the travel direction of recoater 18, as
indicated by arrow 21. Like the other brace configurations
described above, this configuration, location, and orientation
of brace 46 may function to increase an aspect ratio (and
thereby a strength) of component 5. However, 1n contrast to
previous embodiments, the distal end of brace 46 (1.e., the
end located away from platform 26) may also function as a
base for additional support structure 56. Support structure 56
may be temporary, and formed at the same time that com-
ponent 5 1s being formed. In particular, support structure 56
may be manufactured from the same powdered material
used to also manufacture component 5, and sintered using,
the same energy source 20. Support structure 36 may be
manufactured layer-by-layer, in the same way and at the
same time as layers of component 5 are being manufactured.
These layers of support structure 56 may extend from brace
46 (e.g., from the distal end of brace 46) to the periphery of
component 5, thereby connecting brace 46 to component 5.
By using brace 46 as a base for support structure 56, an
amount of support structure 56 required to adequately sup-
port component 5 may be reduced. In addition, support
structure 56 may be used to support an overhanging portion
of component 5 (as shown 1 FIGS. 5 and 6), or to support
component 5 1n another manner (e.g., to 1ncrease a resistance
to the lateral forces exerted by recoater 18 or 38 on com-
ponent 5). It 1s contemplated that support structure 56 may
have the same general shape and size as base 46 (e.g.,
support structure 56 may be wall-like with a thickness and
width about the same as brace 46), or a different shape and
s1ze, as desired. Support structure 56 may be removable
(e.g., etched, ground, broken away) from component 5 and
brace 46 after completion of component 5. In this manner,
brace 46 may still be re-usable. It should be noted that any
type of brace 46 having any shape and size may be utilized
as a base for support structure 56, as desired.

INDUSTRIAL APPLICABILITY

The disclosed systems may be used to manufacture any
type of component 1n an additive manner. The disclosed
systems may be particularly useful in manufacturing metal-
lic components having a low aspect ratio. The disclosed
systems may be capable of manufacturing such components
with increased accuracy, efliciency, and/or profitability, by
reducing component rejection and waste. Operation of sys-
tem 10 will now be described with respect to FIGS. 1-3.

At a start of a manufacturing event, information regarding
component 5 may be loaded into system 10, as 1s known 1n
the art. This mmformation may include a shape, a size, a
contour, etc. ol component 5. Based on the component
information (e.g., based on a width and a height of the
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component 3 to be manufactured), one or more braces 46
may be connected to platform 26 in build chamber 16. As
described above, brace(s) 46 may be located behind an
anticipated periphery of component 5 relative to the travel
direction of recoater 18 or 38, in front of component 5,
and/or around component 3, as desired. In addition, the
connection of brace(s) 46 with platform 26 may be a fixed
connection or a movable connection.

This component information may then be used to control
operation of build chamber 14, material chamber(s) 16,
recoater 18 or 38, and energy source 20. For example,
platform 26 may be lowered by actuator(s) 28 in an amount
corresponding to a desired thickness of a first layer of
component 5. At about the same time, platform 32 may be
raised by at least this same thickness. Thereafter, recoater 18
or recoater 38 may be driven by associated actuator(s) to
push material extending from material chamber 16 above a
lower edge of the corresponding recoater into build chamber
14. The material may be spread across platform 26 1n a
relatively consistent and well-distributed manner. Thereat-
ter, energy source 20 may be activated to sinter the pow-
dered material 1n a pattern corresponding to the size, shape,
and/or contour of component 5 at the particular height above
platform 26. Platform 26 may then be lowered by a thickness
of a second layer of component 5, and the process may be
repeated.

In one embodiment, after enough layers of component 5
have been manuifactured, fabrication of support structure 56
may begin. In particular, at a time when additional support
for component 5 1s deemed appropriate (e.g., when the
sintered layers of component 5 have reached the distal end
or another desired height of brace 46), beam 42 of laser 40
may be caused to follow a combined pattern of both com-
ponent 5 and support structure 56. This pattern may extend
to and/or across brace 46, such that brace 46 becomes
connected to component 5 by way of support structure 56.

In the same or an alternative embodiment, one or more
braces 46 may be connected to platform 26 after some of
component 3 has already been manufactured. For example,
it may be that brace 46 1s not required until the as-built
aspect ratio of component 5 falls below a predetermined
threshold or until another similar condition 1s satisfied.
Brace 46 may then be pushed down through already-depos-
ited, but not yet sintered, powdered material 1in build cham-
ber 14. In some instances, brace 46 may only rest on
platform 26 at this time. In other instances, brace 46 may be
connected to platform 26 in a fixed or movable manner.
Manufacturing of component 3 may then recommence as
outlined above.

After completion of component 5, bracing 46 may be
removed. In particular, platform 26 may be raised up,
relative to walls 22, such that component 3 1s accessible to
a user of system 10. Unsintered powdered material may then
be removed from around component 5 and/or brace 46 (e.g.,
vacuumed or blown away). Any manufactured support struc-
ture 56 may be removed, and component S5 and bracing 46
may be disconnected from platform 26. Component 5 may
then undergo any required post-processing, while bracing 46
may be re-used for manufacturing of the same type or a
different type of component 5. It 1s contemplated that
bracing 46 may remain connected to platform 26 between
manufacturing events, 1i desired.

The use of bracing 46 may improve an accuracy and a
profitability associated with manufacturing of component 3.
In particular, the accuracy of component 3 may be improved
via a reduced deflection of component features during
manufacturing caused by the friction and/or compression
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forces of recoater 18 or 38. In addition, there may be fewer
instances of component 5 breaking and being rejected for 1ts
intended purpose. Further, less support structure 56 may be
require manufacturing during each event, and braces 46 may
be re-usable. All of these things may help to reduce manu-
facturing time and material, thereby improving a profitabil-
ity of the manufacturing process.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the disclosed
additive manufacturing system. Other embodiments will be
apparent to those skilled in the art from consideration of the
specification and practice of the disclosed additive manu-
facturing system. It 1s intended that the specification and
examples be considered as exemplary only, with a true scope
being indicated by the following claims and their equiva-
lents.

What 1s claimed 1s:

1. A system for manufacturing a component, comprising:

a build chamber;

a stage movable within the build chamber;

a recoater configured to deposit a layer of powdered

material on top of the stage;

an energy source configured to direct a beam onto the

layer of powdered maternial 1n a pattern corresponding
to a shape of the component; and

a brace fabricated before manufacturing of the component

and having a fixed si1ze during the manufacturing of the
component, the brace extending from the stage toward
the recoater and being configured to surround the
component and not to contact the component as the
component 1s being manufactured.

2. The system of claim 1, wherein:
he stage includes an opening; and
he brace 1s configured to slide through the opening as the

stage moves toward the recoater.

3. The system of claim 1, wherein the brace 1s connected
to move with the stage.

4. The system of claim 1, wherein:

the recoater 1s configured to move 1 a first direction

across the stage; and
the brace 1s located 1n alignment with the first direction at a
trailing side of the component.

5. The system of claim 4, wherein:
the brace 1s a first brace; and
the system further includes a second brace located 1in

alignment with the first direction at a leading side of the

component.

6. The system of claim 1, wherein:

the recoater 1s configured to move 1 a first direction

across the stage; and

the brace 1s a wall oriented substantially orthogonal to the

first direction.

7. The system of claim 1, wheremn a gap 1s maintained
between a periphery of the component and the brace.

8. The system of claim 1, wherein the brace forms a base
for deposition of a temporary support structure extending
between the brace and the component.
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9. The system of claim 1, wherein the brace extends a first
distance away from the stage that 1s less than a second
distance between an exposed surface of the layer and the
stage.

10. The system of claim 1, wherein:

the component 1s a first component;

the brace 1s a first brace; and

the system further includes a second brace fabricated

before manufacturing of a second component, the sec-
ond brace extending from the stage toward the recoater
and being configured not to contact the component as
the component 1s being manufactured.

11. A system for stmultaneously manufacturing a plurality
of components, comprising;:

a build chamber;

a stage movable within the build chamber;

a recoater configured to deposit a layer of powdered

material on top of the stage;

an energy source configured to direct a beam onto the

layer of powdered material 1n a pattern corresponding,
to shapes of the plurality of components; and

a plurality of braces fabricated before manufacturing of

the plurality of components and having a fixed size
during the manufacturing of the components, each of
the plurality of braces being located adjacent a periph-
ery of a corresponding one of the plurality of compo-
nents and extending from the stage toward the recoater,
wherein:
the stage includes a plurality of openings;
cach of the plurality of braces i1s configured to slide
through a corresponding one of the plurality of
openings as the stage moves toward the recoater and
1s configured to surround a corresponding compo-
nent and not to contact the corresponding component
as the components are being manufactured;
cach of the plurality of braces extends a first distance
away Irom the stage that 1s less than a second
distance between an exposed surface of the layer and
the stage; and

a gap 1s maintained between each of the plurality of

braces and the periphery of the corresponding one of
the plurality components.
12. A system for manufacturing a component, comprising;:
a build chamber;
a stage movable within the build chamber;
a recoater configured to deposit a layer of powdered
material on top of the stage;
an energy source configured to direct a beam onto the
layer of powdered matenal 1n a pattern corresponding
to a shape of the component; and
a brace fabricated before manufacturing of the component
and having a fixed size during the manufacturing of the
component, the brace extending from the stage toward
the recoater and configured to surround the component
as the component 1s being manufactured.
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